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(54) Apparatus for pneumatically 
conveying bulk material 

(57) Apparatus for pneumatically con- 
veying bulk material, includes a con- 
veying agent secondary conduit (5) dis- 
posed parallel to a conveyor conduit (1 ) 



and communicating with the conveyor 
conduit (1 ) via controllable valves (V1 to 
V4) along the conveying path, and 
pressure sensors (SI to S5) arranged at 
spacings on the conveyor conduit for 
controlling said valves. The sensors (S1 
to S5) are in the form of electrical 
pressure transmitters connected by 
lines (10) to an electronic control unit 
(1 1 ) which produces a logic combina- 
tion of the output signals of the press- 
ure transmitters with parameters such 
as pressures, pressure differences, in- 
tervals of time and frequencies, which 
characterise the conveying condition 
and which are inputted as reference 
values. The unit (1 1 ) in the event of the 
actual conveying condition deviating 
from the reference conveying condi- 
tion, electrically actuates the controll- 
able valves (V1 to V4) by way of further 
lines (12). An electrical gas flow rate 
meter which is connected to the control 
unit (11) can additionally be provided in 
the apparatus. 
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SPECIFICATION 

Apparatus for pneumatically conveying bulk mate- 
rial 

5 

This invention relates to an apparatus for pneumatic- 
ally conveying bulk material. 

An apparatus of this kind has been proposed in the 
literature (Verfahrenstechnik 12 (1978) 4, page 200, 

10 Figure 1 2), and comprises a conveyor conduit with a 
conveying agent secondary conduit disposed para- 
llel thereto; additional conveying agent flowing over 
from the secondary conduit into a conveyor conduit 
portion when the pressure drop in the respective 

15 conveyor conduit portion in question exceeds an 
adjustable value. For this purpose, diaphragms are 
to be fixed at spacings on the conveyor pipe, and the 
diaphragms each act by way of a piston on a 
common balance linkage, wherein the respective 

20 upstream piston is fored atthe same time as a valve 
which, when a reference value in respect of the 
differential pressure, which is predetermined by a 
spring, is exceeded, opens a tap or connecting 
conduit which connects the secondary conduit to a 

25 plurality of air in-feed locations on the conveyor 
conduit. Apart from the fact that this complicated 
mechanism is an impediment to such an apparatus 
being made in an economically viable fashion, such 
an apparatus would suffer from the disadvantage 

30 that the reference value spring would have to have a 
considerable preloading so that small fluctuations in 
pressure cannot trigger undesirable valve flutter. So 
that the preloading force can be overcome by the 
mechanically sensed differential pressure, the di- 

35 aphrams must also be designed with a particularly 
large area, in accordance with the relationship 'force 
« pressure x area'. This makes the pressure-sensing 
and pressure-transmitting elements large and 
accordingly expensive. For conveyor conduits of up 

40 to about 80 mm in diameter, they are too large 
because in that case the tube curvature is too great 
forthe flat diaphragms. In addition, the large 
diaphragms are too sensitive to pressure shocks and 
to the wear which is caused by the flow of solid 

45 material. In addition, the large diaphragms give rise 
to high levels of penetration between the conveyor 
conduit and the pressure sensors, which results in 
solid material being deposited at the diaphragm, and 
such deposits in the course of time detrimentally 

50 affect the pressure sensing function of the di- 
aphragms. 

German patent specification No 1 781 025 also 
discloses a phenumatic conveyor apparatus com- 
prising a conveying agent secondary conduit which 

55 is disposed parallel to the conveyor conduit, addi- 
tional conveying agent being passed into the con- 
veyor conduit from the secondary conduit by way of 
controllable valves. Measuring means are arranged 
on the conveyor conduit, upstream of the controll- 

60 able valves. The controllable valves are actuated by 
the signals produced by the measuring means. The 
technical purpose of this known conveyor apparatus 
is to move the bulk or loose material to be conveyed, 
through the conveyor conduit, in individual plugs 
*r oowwaaa . > seoaratedbv cushions of conveying 



agent So that the individual plugs do not run 
together, additional conveying agent is introduced 
into the conveying agent cushions between the 
plugs, along the path of the conveying action. For 

70 this purpose, the measuring means, the measuring 
principle of which is based on light beams or 
radioactive beams, register whether there is a block 
or a conveying agent cushion atthe location at 
which the additional infeed of conveying agent 

75 occurs. 

DAS No 20 22 962 discloses a further conveyor 
apparatus comprising a conveying agent secondary 
conduit which is disposed parallel to the conveyor 
conduit and from which additional conveying agent 
80 is fed by way of valves into the conveyor conduit, 
along the conveyor path. The technical aim of this 
apparatus lies in rendering the pressure drop along 
the conveyor path uniform. As however the in-feed 
valves of this known apparatus are not controllable, 
85 it is not possible to make any prediction at all as to 
how much additional conveying agent flows into the 
individual conveyor conduit sections, along the 
conveying path. However, as long as the feed of 
additional conveying agent into the conveyor con- 
90 duit cannot be controlled, it is also not possible to 
predetermine the manner in which the pressure 
pattern in the conveyor conduit is altered by the feed 
of conveying agent into the conveyor conduit. 
DAS No 22 19 199 also discloses a conveyor 
95 apparatus comprising a conveying agent secondary 
conduit which is disposed parallel to the conveyor 
conduit and from which additional conveying agent 
flows into the conveyor conduit, by way of initial- 
pressure-controlled valves. The valves which are 

100 arranged in the conveying agent secondary conduit 
force a defined pressure drop to be produced in the 
conveying agent secondary conduit along the con- 
veyor section. The technical aim of this apparatus is 
to convey bulk material in plug form with automatic 

105 control of the addition of air in the event of 

disturbances in the conveying action. A serious 
disadvantage of this known apparatus is that addi- 
tional conveying agent only flows out of the secon- 
dary conduit into the conveyor conduit, towards the 

110 end ofthe conveyor conduit, if the conveyor conduit 
has been pumped up from the beginning to the 
respective position in question (see column 4, lines 
54 to 62). However, this involves an unncessarily 
high consumption of air and therefore uneconomical 

115 operation, with blockages in the conveyor conduit 
being broken up only after a delay. 

DAS No 23 05 030 also discloses a pneumatic 
conveyor apparatus comprising a conveying agent 
secondary conduit which is disposed parallel to the 

1 20 conveyor conduit and from which additional con- 
veying agent flows into the conveyor conduit by way 
of valves. In this conveyor apparatus, atthe place 
where, as viewed in the direction of flow, the 
pressure in the conveying agent secondary conduit 

1 25 first exceeds the pressure in the conveyor conduit, 
the secondary conduit is closed off and at that point 
permits additional conveying agent to flow from the 
secondary conduit into the conveyor conduit. A 
disadvantage of this conveyor apparatus is that, 

1 30 during the conveying operation, additional con- 
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veying agent can flow from the secondary conduit 
into the conveyor conduit only at a single position on 
the entire conduit and this is not sufficient for 
interference-free and energy-saving operation of the 

5 apparatus. 

DOS No 24 03 533 discloses a further pneumatic 
conveyor apparatus with a conveying agent secon- 
dary conduit which is disposed parallel to the 
conveyor conduit additional conveying agent flow- 
10 ing from the secondary conduit into the conveyor 
conduit by way of valves. In this arrangement the 
flow of additional conveying agent from the secon- 
dary conduit into the conveyor conduit is controlled 
in such a way that as viewed in the direction of flow, 
1 5 the first valve produces a compressed air shock in 
the conveyor conduit, then the next valve, then the 
next, and so on, with the compressed air shocks 
taking place in an increasingly more rapid succes- 
sion, in accordance with the increase in the flow 
20 spped along the conveyor section. When the com- 
pressed air pulse reaches the end of the secondary 
conduit a pressure sensor provides for repetition of 
the cycle. This conveyor system also suffers from the 
disadvantage that additional conveying agent can be 
25 used to influence the conveying operation, at a given 
time, only at a single point on the conveyor section, 
in each case. 

DOS No 24 12 142 discloses a conveyor apparatus 
comprising a conveying agent secondary conduit 
30 which is disposed parallel to the conveyor conduit 
and from which additional conveying agent is intro- 
duced into the conveyor conduit by way of injectors. 
With this apparatus, the loose material to be con- 
veyed is introduced into the conveyor conduit in 
35 portions. With this arrangement, the inidividual 
portions of loose material are allegedly moved 
forwards in a 'pulse-like manner', with the material 
being alternately moved and stopped'. In accord- 
ance with this condition of oscillation in the coveyor 
40 conduit additional conveying agent is said to flow 
into the conveyor conduit by way of the air injectors 
in the same phase or in a phase-shifted manner, 
along the conveyor section. The injectors are con- 
trolled either by way of conveying agent intermedi- 
45 ate containers along the conveyor section, or by way 
of a time control means. If we just disregard the fact 
that the above-indicated specification does not give 
any indication at all as to what difference in effect is 
achieved, as between inphase opening and phase- 
50 shifted opening of the air injectors, and what is 
actually meant by the expression phase, this air 
injector control arrangement suffers from the se- 
rious disadvantage that it does not provide for 
detection of the instantaneous condition of oscilla- 
55 tion at various points on the conveyor conduit, and 
that there is also no feed-back in respect of the effect 
of the additional supply of conveying agent, to the 
control means. However, that is an absolutely essen- 
tial condition if the oscillation in the conveyortube, 
60 which is increasingly damped by friction towards the 
end of the conveyor section, is to be continuously 
re-excited and maintained. With this known con- 
veyor apparatus therefore, it may happen that the 
desired oscillation is additionally damped and finally 
65 terminated by introducing air at the wrong time or at 
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the wrong places, and that results in the pulse 
conveying action collapsing. 

Finally, German patent specification No 2 550 164 
discloses a pneumatic conveyor apparatus in which 
additional conveying agent flows into the conveyor 
conduit by way of valves from a conveying agent 
secondary conduit which is disposed parallel to the 
conveyor conduit; as regards design and purpose, 
this construction substantially corresponds to the = 
75 conveyor apparatus disclosed in DAS No 23 05 030. 
The only difference is that a plurality of flow transfer 
locations are arranged between the secondary con- . 
duit and the conveyor conduit, between each two 
valves which are provided for closing off the secon- 
dary conduit This apparatus also suffers from the 
disadvantage that additional conveying agent can 
flow into the conveyor conduit as a given time only 
in a single portion of the conveyor conduit. Portions 
of the conveyor conduit which are disposed up- 
stream and downstream of the above-mentioned 
portion cannot be influenced by the system, at that 
moment. . 

There is thus a need for a generally improved 
pneumatic conveyor apparatus of the general kind 
90 set forth hereinbefore, which permits pneumatic 
conveying of loose materials, in particular loose 
materials of different properties, in the same con- 
veyor conduit with maximum protection from trou- 
ble, with a low level of power consumption and with 
a low degree of apparatus wear. 

According to the invention, there is provided 
apparatus for pneumatically conveying bulk mate- 
rial, including a conveying agent secondary conduit 
disposed parallel to a conveyor conduit and is 
connected to the conveyor conduit via controllable 
valves along the conveyor path, and pressure sen- 
sors arranged at spacings on the conveyor conduit 
for controlling said valves, which pressure sensors 
are electrical pressure transmitters connected by 
105 lines to an electronic control unit which produces a 
logic connection of the output signals of the press- 
ure transmitters to parameters which are introduced 
as reference values and which characterise the 
conveyor condition such as pressures, pressure 
differences, time intervals and frequencies, the elec- 
tronic control unit being operable, when the actual 
conveying condition deviates from the reference 
conveying condition, electrically to actuate the con- 
trollable valves via further lines. = 

This solution may be briefly summarised to the 
effect that, unlike all known apparatuses, in the 
apparatus proposed herein, use is made of the 
principle of feed-back to the control means, of 
information concerning the change in the conveyor 
120 operation which is produced by the input of addi- 
tional conveying agent thereby providing for adap- 
tive control of the conveyor operation simultaneous- 
ly and overthe entire conveyor section, so that the 
conveyor operation can be locally and positively 
1 25 influenced, in accordance with freely selectible con- 
trol criteria. ' . firet 
The present proposal made it possible for the first 
time to solve different conveying problems, using 
the same apparatus. Different kinds of conveying 
130 problems arise by virture of the fact that entirely 
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different flow conditions must be embodied in the 
conveyor conduit for different products, in order to 
achieve a conveying action which is satisfactory 
from the power point of view and which provides for 
5 careful treatment of the products to be conveyed. 
Thus, certain powders may be conveyed at the 
slowest speed and without the danger of blockage, 
by a vibration being impressed on the gas-solid flow, 
that vibration ensuring that, on a time average, the 

10 adhesion forces between the particles are overcome 
for the major part, thereby eliminating the formation 
of lumps in the product and preventing the product 
from caking on the conveyor conduit. The vibration 
which is impressed at the beginning of the conveyor 

15 section is however damped by internal friction and 
friction at the conduit, along the conveyor section. 
The apparatus according to the invention is the first 
that makes it possible forthe oscillation to be 
maintained by introducing compressed gas pulses, 

20 in the proper rhythm, at suitable positions on the 
conveyor conduit. 

In accordance with developements of the appar- 
atus, as set forth in the subsidiary claim, it is also 
possible forthe oscillation which manifests itself in 

25 fluctuations in pressure to be rendered visible for 
example by means of a recording pen apparatus or 
an oscillograph, and in this way optically to monitor 
the maintenance or re-excitation of the condition of 
oscillation. Another advantageous possibility lies in 

30 using an automatically operating optimisation prog- 
ramme within the control means, forthe same 
purpose. 

When dealing with other loose materials, pneuma- 
tic conveyance with a vibration impressed on the 

35 gas/solid flow is impossible or not advantageous. 
However, the aim to be achieved when dealing with 
such materials is also the most uniform possible 
conveying action, at a low conveying speed and a 
high load factor. In this connection, the economy of 

40 the conveying operation and the care with which the 
product is handled increase in proportion to the 
speed of conveying movement and the load factor 
approaching the blockage limit. Warning of an 
impending blockage in the conveyor conduit is given 

45 by a local increase in the concentration of loose 

material, and thus an increased pressure drop in that 
region of the conveyor conduit. Now, although, in 
the apparatus according to the invention, as in 
apparatuses in accordance with the state of the art, 

50 the differences in respect of the pressures measured 
in the conveyor conduit for successive portions 
thereof are formed and compared to predetermined 
reference values, on the one hand the respective 
most favourable reference values can be set, without 

55 having to take account of limit values caused by the 
mechanical design as in the case of apparatuses of 
the general kind set forth, in accordance with the 
state of the art, and on the other hand, in accordance 
with the above-mentioned development, the opti- 

60 mum value in respect of the differential pressure for 
each conveyor conduit portion can be determined in 
the course of the conveying operation, by using a 
recording device or an optimisation programme. 
Finally, the apparatus according to the invention 
further developed in such a way that the 



amount of gas flowing into the conveying agent 
secondary conduit can additionally be detected and 
transmitted in the form of an electrical parameter to 
the electronic control device, in order to achieve a 

70 conveying action which is the most advantageous 
from the energy point of view, relative to the 
through-flow of bulk material. 

An embodiment of the conveyor apparatus 
according to the invention is illustrated in the 

75 drawing. 

A conveyor conduit 1 is charged with bulk or loose 
material by way of a pressure vessel 2 which is acted 
upon by conveying agent, by way of a supply 
conduit 3. The loose or bulk material is pneumatical- 
80 ly conveyed to a separator 4. Disposed parallel to the 
conveyor conduit is a conveying agent secondary 
conduit 5 which is in communication with a con- 
veying agent reservoir by way of a connection 6. Tap 
of connecting conduits 7 branch off the secondary 
85 conduit 5, with electrically controllable valves V1 to 
V4 being arranged in the conduits 7. Downstream of 
the controllable valves, the conduits 7 lead by way of 
non-return valves 8 to conveying agent in-feed 
locations 9, in each of which there is arranged a 
90 respective filter (not shown). In this arrangement, as 
illustrated, a plurality of conveying agent in-feed 
locations may form a respective group which. is 
supplied with additional conveying agent by way of 
a common controllable valve. Electrical pressure 
95 transmitters SI to S5 are disposed between the 

groups of in-feed locations, and upstream of the first 
and downstream of the last conveying agent in-feed 
location. Signal lines 10 go from the pressure 
transmitters to an electronic control means 11 where 

100 the pressure signals are evaluated, as input signals. 
From the control means, signal lines 12 lead to the 
electrically controlled valves V1 to V4 which are 
actuated by the output signals from the control 
means. For certain conveying functions, it is recom- 

1 05 mended that a gas flow rate meter 1 3 should be 
additionally provided at the beginning of the con- 
veying agent secondary conduit. The flow rate meter 
13 also transmits the measurement value electrically 
to the control means 1 1, by way of a signal line 14. 

110 Freely selectible parameters or initial parameters 
can be inputted to the electronic control means 11, 
as further input signals. 

A conveying cycle beings with filling the pressure 
vessel with loose or bulk material. With the outlet 

1 1 5 valve (not shown in the drawing) closed, the press- 
ure vessel is then pumped up with compressed gas 
byway of the supply conduit 3. The actual conveying 
operation is now begun, by opening the outlet valve, 
with conveying agent being further supplied through 

120 the supply conduit 3 into the pressure vessel and 
into the beginning of the conveyor conduit. 

When using vibratory conveying, the conveying 
agent is intermittently or pulsatingly introduced into 
the pressure vessel 2 or into the beginning of the 

125 conveyor conduit respectively, by way of the supply 
conduit 3. The resulting fluctuations in pressure 
cause the bulk material being conveyed to move 
with an oscillatory movement, whereby the internal 
adhesion forces between the particles are overcome 

130 and thus there is no blockage in the conveyor 
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conduit in spite of the conveying agent being highly 
loaded with bulk material. The vibration which is to 
be observed in the conveyor conduit would very 
rapidly disappear, as a result of internal friction 
5 along the conveyor path, unless it were re-excited by 
periodic compressed air pulses into the conveyor 
conduit. Compressed air pulses are introduced into 
the conveyor conduit at periodic intervals of time by 
way of the injection locations 9, when using a 
10 vibrating conveying mode, by briefly opening the 
controllable valves V1 to V4. in this way, the desired 
vibration in the conveyor conduit is maintained to 
the end thereof. So that the vibration is re-excited 
and not cancelled by the compressed air pulses, it is 
15 necessary for the compressed air pulses to pass into 
the conveyor conduit at the various injection loca- 
tions, at the propertime. Forthis purpose, the 
electrical pressure transmitters S1 to S5 signal the 
fluctuations in pressure in the conveyor conduit to 
20 the operator or to the electronic control means. The 
optimum mode of operation can then be achieved by 
systematic adjustment of the periods for which the 
controllable valves V1 to V4 are open, and the 
moment in time at which they are operated. Opti- 
25 mum operation is achieved when the fluctuations in 
pressure in the conveyor conduit are amplified 
instead of being weakened as a result of the 
compressed air pulses. When the optimum mode of 
actuation of the controllable valves V1 to V4 has 
30 been found, that setting of the conveyor apparatus 
remains unchanged, as long as the same material is 
being conveyed. 

For many products, vibration conveying is not 
possible or is disadvantageous. Nonetheless, for the 
35 purposes of carefully treating the product to be 
conveyed and for the purposes of reducing appar- 
atus wear, the emphasis is laid on conveying the 
material as slowly as possible. When this is done, 
there is always the danger of a threat of blockage in 
40 the conveyor conduit. Impending blockage at a point 
in the conveyor conduit causes an increased press- 
ure drop in the conveying agent at that point. The 
electrical pressure transmitters S1 to S5 signal the 
pressure at the respective places in the conveyor 
45 conduit, to the electronic control means. If the 

maximum permissible pressure drop which is prog- 
rammed into the electronic control means for each 
conveyor conduit section is exceeded in a section of 
the conveyor conduit between two pressure trans- 
50 mitters, then the controllable valve associated with 
that conveyor conduit section opens until the press- 
ure drop has fallen again below the maximum 
permissible value, as a result of the conveying agent 
which is additionally introduced into the above- 
55 mentioned conveyor conduit section. 

The conveying agent flow rate meter 13 signals 
the level of consumption of additional conveying 
agent by the conveying agent secondary conduit, 
and thus makes it possible to arrive at conclusions 
60 regarding the power consumption for given con- 
veying conditions. 

The electrically controllable valves are actuated by 
logic combination of the input signals inputted into 
the electrical or electronic control means, in accord- 
65 ance with optimisation criteria which have been 
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programmed in or which are to be determined by the 
operator, in accordance with the above-described 
statements of problem. In order to ascertain the 
reaction of the conveyor apparatus to manipulative 
70 changes at the electronic control means, the input 
signals, that is to say, the pressures in the conveyor 
conduit and possibly the consumption of conveying 
agent in the secondary conduit are registered in 
accordance with individual inquiry or continuously, : 
75 on suitable recording equipment such as an oscillo- 
graph, a continuous line recording instrument, a 
point recording instrument or a printing mechanism.* 
This not only permits adjustment of the optimum 
condition of conveying forthe conveyor apparatus, 
80 but also permits continuous monitoring of the 
conveyor apparatus in operation. 

In the event of a change in the bulk material to be 
conveyed, or the conveyor section to be charged by 
the bulk material issuer, both the control algorithms 
85 and also the freely selectible input parameters can 
be quickly exchanged by a programme change. This 
means therefore that one and the same conveyor 
apparatus can be used for conveying the most 
widely varying bulk materials, without trouble, in 
90 accordance with different optimisation criteria (for 
example conveying the material at the minimum 
possible speed or in the best manner from the point 
of view of energy). Ideal adjustment of the conveyor 
apparatus can be comfortably effected from a con- 
95 trol desk, without making an inspection along the 
conveyor section, because all information concern- 
ing the instantaneous condition of the apparatus is 
indicated, continuously or in response to inquiry, at 
the control desk. In this connection, it is also 
100 desirable to provide information feedback or receipt 
lines {not shown) from the valves V1 to V4 to the 
control unit 11, which lines signal the actual condi- 
tion of actuation of each individual valve so that said 
condition of actuation can also be displayed at the 
105 control desk, for example by means of signal lamps. 
This makes it possible for valves which are defective 
in operation and any trouble which may be caused 
thereby to be detected and located with particular 
rapidity in operation of the apparatus. 
110 In general, valves having only two positions, that 
is to say an 'open' position and a 'closed' position, 
are entirely satisfactory as the controllable valves; 
however, in order further to minimise the consump- 
tion of clean air, while accepting a correspondingly, 
1 15 more expensive control unit, it is also possible to use 
valves which can either be continuously opened or 
closed or moved into a defined intermediate or 
throttle position, by suitable electrical control sig- 
nals. . ^ . . 
120 The non-return valves and filters contained in the 
system for providing the additional feed of con- 
veying agent prevent material from passing across 
into the system for the additional supply of con- 
veying agent, and thus ensure that the apparatus is 
125 absolutely reliable in operation. 

CLAIMS 

1 . Apparatus for pneumatically conveying bulk 
130 material, incuding a conveying agent secondary 
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conduit disposed parallel to a conveyor conduit and 
is connected to the conveyor conduit via controllable 
valves along the conveyor path, and pressure sen- 
sors arranged at spacings on the conveyor conduit, 
5 for controlling said valves, which pressure sensors 
are electrical pressure transmitters connected by 
lines to an electronic control unit which produces a 
logic connection of the output signals of the press- 
* ure transmitters to parameters which are introduced 

10 as reference values and which characterise the 
conveyor condition such as pressures, pressure 
*- differences, time intervals and frequencies, the elec- 
tronic control unit being operable, when the actual 
conveying condition deviates from the reference 

1 5 conveying condition, electrically to actuate the con- 
trollable valves via further lines. 

2. Apparatus according to claim 1 , in which the 
electronic control unit is connected to at least one 
electrical gas flow rate meter. 

20 3. Apparatus according to claim 1 or claim 2, in 
which the electronic control unit includes a control 
desk for optically and/or acoustically indicating the 
position of the electrically controlled valves, jointly 
or in accordance with individual enquiry. 

25 4. Apparatus according to any one of claims 1 to 

3, in which the electronic control unit includes 
recording devices for continuously recording the 
actual values obtained in respect of the measure 
parameters. 

30 5. Apparatus according to any one of claims 1 to 

4, in which the electronic control unit includes a 
plurality of control programmes corresponding to 
different predetermined conveying conditions. 

6. Apparatus according to any one of claims 1 to 
35 5, in which the electronic control unit includes an 

optimisation programme which automatically cor- 
rects the reference values which are predetermined 
as initial parameters. 

7. Apparatus according to any one of claims 1 to 
40 6, including a plurality of conveying agent in-feed 

locations associated with each electrically controlled 
valve, on the conveyor conduit. 

8. Apparatus according to claim 7, in which each 
conveying agent in-feed location includes a filter. 

45 9. Apparatus according to claim 7 or claim 8, 
including a non-return valve arranged upstream of 
each conveying agent in-feed location, on the clean 
air side. 

10. Apparatus for pneumatically conveying bulk 
50 material, substantially as hereinbefore described 
with reference to the accompanying drawings. 
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